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Introduction
Is economic growth good or bad for the environment? Recent empirical evidence points to a pattern reminiscent of the Kuznets curve: for a number of indicators of environmental quality (but not all), economic growth seems to be accompanied by a deterioration in environmental quality at low income levels and an improvement in environmental quality at high income levels. This 1 is a striking result; but as we demonstrate in this paper, it is also a partial result.
Though the estimated models are in a reduced form, and so cannot tell us why the inverted-U might exist, there is a kind of consensus on the principal mechanism at work. This is that there is an induced policy response: as nations become richer, their citizens demand that the nonmaterial aspects of their standard of living be improved. But if this reasoning is correct, then the observed levels of environmental quality will depend on more than a nation's prosperity; they will depend also on citizens being able to express their preferences for environmental quality and on governments having an incentive to satisfy these preferences by changing policy. In short, they will depend on civil and political freedoms. These vary widely, however, both across countries and over time. So the omission of these variables could be important. In this paper we re-estimate the relations estimated by Grossman and Krueger (1995; hereafter, G-K) , including as explanatory variables certain measures of civil and political freedoms. In essence, we ask a different question from the one that introduced this paper. We ask: Is more freedom good or bad for the environment? Congleton (1992) , , Murdoch, Sandler, and Sargent (1997) , and 2 Fredriksson and Gaston (1998) also test for links between democracy and environmental policy, though in different contexts from our paper.
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For a number of measures of environmental quality, we find that our freedom variables are jointly highly significant. Inclusion of the freedom variables does not affect the qualitative nature of the 2 relationship between pollution and per capita income or the associated turning points; we find no evidence that the results reported by G-K are biased. But our results do show that, for a number of different measures, environmental quality is increasing in the extent of civil and political freedoms. In this sense, our results suggest that more freedom is good for the environment.
Moreover, the effect is quantitatively and not just statistically significant. In the case of sulfur dioxide the effect is especially strong: we find that a low-freedom country, with an income level near the peak of the inverted-U, can reduce its pollution at least as much by increasing its freedoms as it can by increasing its income per head. This is policy-relevant if, as we argue, freedoms can be controlled independently of incomes.
Levels of some measures of environmental quality, however, seem not to depend on freedoms, even when the underlying relationship exhibits a strong inverted-U, and this hints that the downhill portion of the inverted-U may not always result from an induced policy response. True, even dictatorships have to please some constituency to remain in power. So even if our freedom variables were not significant, a kind of induced policy response could still underly the inverted-U.
But it does strike us as odd that freedoms would show up as being very significant in some cases and not at all significant in others. We comment on possible reasons for these results, and their implications for future research, later in the paper. Shafik (1994) and the World Bank (1992) also examine a number of direct indicators of 3 environmental quality. Grossman and Krueger (1995, p. 361) note that the use of country-level GDP is appropriate 4 since "environmental standards are often set at a national level." This statement is correct, but 3 Before proceding with the substance of the paper, we wish to emphasize that our results are not immune to the criticisms that have been levelled against the environmental Kuznets curve literature. Like previous studies, we consider a selected number of pollutants only; our results imply nothing about optimality; and the models from which they are derived ignore system-wide linkages. What we add in this paper is a perspective that has not been expressed previously. We believe that our results are important, but they are important only in this context.
Section 1 discusses the data used in our study, while Sections 2 and 3 present our econometric results for air and water pollution, respectively. Section 4 extends these results, by controlling for country fixed effects. The final section of the paper discusses the implications of our work.
Data
With the exception of our freedom variables, we use the same data as do G-K. The pollution data were gathered by the Global Environmental Monitoring System and have two great virtues: they are comparable across different countries; and they are direct measures of environmental quality (as opposed to, say, pollution emission levels), and so are measures that citizens will have preferences over--preferences that can find expression at the ballot box or otherwise. Air quality 3 is measured in selected urban areas, water quality in selected river basins. The income data are from Summers and Heston (1991) , and adjust for differences in purchasing power. Note that these data are country averages, whereas the pollution readings are local. Time and physical features 4 there are also variations. For example, in the United States, some regions have not attained the standards that were set for them. Furthermore, environmental standards are not always uniform, even if they are set at the national level. In the United States, for example, regions with superior air quality have been protected from any significant deterioration in air quality. See Barro (1996) , Dasgupta (1993) , Helliwell (1994) , Murdoch, Sandler and Sargent (1997), 5 and Perotti (1996) . 4 of the pollution sites (like mean annual water temperature) are also included in our regressions as independent variables. For a more detailed description of these data, see Grossman and Krueger (1995) .
Our measures of civil and political freedoms are constructed from indices developed by Freedom House, which have been used widely in the literature. The civil freedoms index reflects 5 constraints on the freedom of the press, and on the rights of individuals to debate, to assemble, to demonstrate, and to form organizations, including political parties and pressure groups. The political freedoms index reflects whether a government came to power by election or by the gun, whether elections, if any, are free and fair, and whether an opposition exists and has the opportunity to take power at the consent of the electorate.
The Freedom House indices of freedoms are on a scale from 1 to 7, where 7 is the lowest level of freedom. Following Barro (1996) , we convert these indices to a scale of from 0 to 1, where 0 now corresponds to the lowest level of freedom. Since the ranking of freedoms by Freedom House is ordinal, it might seem natural to represent each of the seven index numbers by dummies.
However, there are two reasons for not doing so: there are too few observations in some freedom categories, and the inclusion of many dummies would result in a loss in degrees of freedom. This second reason is especially important if one believes, as we do, that current pollution levels should depend not just on current freedoms but on the recent history of freedoms. We therefore employ
As in G-K, we estimate the model using generalized least squares and employ a random effects 6 estimator that takes into account the unbalanced nature of the panel. See G-K for details. Note that the peak of the inverted-U can be sensitive to the functional form used in estimation (see Hilton and Levinson, 1998) . For the primary regressions, we use the same basic regression model as G-K. Of course, one 6 might explore alternative specifications, such as including income-freedom interactive terms.
However, G-K include many income variables and we use different freedom variables, and it isn't obvious which variables should be interacted or whether different variables should be constructed for this purpose. Nor is it obvious that richer specifications would be appropriate, given the data limitations. Perhaps more importantly, our ambition for this paper is modest. We only want to determine whether politics can be shown to intermediate between income and pollution, as is so often supposed without any supporting evidence. If the link really does exist, it should show up in our model; and if our model can show this while making only the smallest deviation from G-K's, which is now a standard in this literature, so much the better. There is, however, one specification change that does seem warranted, if only as a test for robustness, and this is to control for fixed effects. These results are reported separately, toward the end of the paper. Table 1 presents the summary statistics for three different air pollutants. A number of observations follow from these. First, incomes and freedoms are positively correlated. In particular, the high freedom countries are rich; the low and medium freedom countries are poorer. Second, pollution levels are negatively correlated with freedom with one small exception: sulfur dioxide concentrations are about the same for countries with low and medium political freedoms. Finally, the correlations between freedoms and income and freedoms and pollution are very similar for both political and civil freedoms. This is because civil and political freedoms are very highly correlated. The correlation coefficients between the linear transformations of the civil and political freedom indices are about 0.95 for the data corresponding to each of the three pollutants. Table 2 presents the regressions for the three measures of air pollution (here and elsewhere standard errors are shown in parentheses). Regressions 1, 4 and 7 replicate the G-K regressions with the exception that freedoms data for Hong Kong are unavailable and so this territory is excluded. The omission of Hong Kong doesn't affect the qualitative nature of the relationship between pollution and income but it does affect the turning point in the case of smoke. This rises from $6,151 in the G-K study to $7,286 (the turning point for sulfur dioxide rises from $4,053 in the G-K study to just $4,202; both regressions reveal that heavy particles decrease monotonically with income).
Results for Air Pollutants
Regressions 2, 5 and 8 add the freedom dummies. In all three regressions, the freedom dummies G-K construct the variable by multiplying GDP, GDP-squared, and GDP-cubed by the sum of 7 the estimated coefficients for current and lagged GDP. Note that the rising portion of the relation for sulfur dioxide at the higher income levels only 8 includes data for Canada, Switzerland, and the United States. It is for this reason that G-K discount this portion of the relation.
are jointly significant at the 1 percent level, as is income. There are, however, some surprising results. These include the low coefficient on the low political dummy in the sulfur dioxide regression and the high and low coefficients on medium political and civil freedoms in the heavy particles regression. However, as noted earlier, political and civil freedoms are highly correlated.
Countries with high civil freedoms also have high political freedoms, and countries with low civil freedoms have low political freedoms. Thus, while the different definitions of freedom may have different effects, the data indicate that they are not (and, possibly, that they cannot be) controlled separately. We therefore combine these freedom variables for the purposes of making predictions.
The combined effect of political and civil freedoms--something we call democratic freedoms--is striking: pollution levels are monotonically decreasing in the extent of democratic freedoms.
The combined effect of freedoms is shown more clearly in Figures 1a, 2a, linear. This is not true for the other pollutants. For smoke, as Figure 2a shows, a move from low to medium democratic freedoms has the biggest effect. For heavy particles, however, Figure 3a shows that the move from medium to high democratic freedoms has the more substantial effect.
For comparison, regressions 3, 6 and 9 measure civil and political freedoms on the linear scale.
Of course, the results reported above suggest that, at least for smoke and heavy particles, the linear specification is a very rough approximation. However, it must be remembered that the dummy specification aggregates over different raw index numbers. So both representations of freedoms--the linear form and the dummies--impose restrictions, and neither is obviously the more superior. We note, however, that the coefficients on both the civil and political freedom variables are negative in all three regressions.
Figures 1b, 2b, and 3b depict the relationship between income and pollution with the freedom variables excluded (as in G-K) and included, where in the latter case the freedom dummies are set equal to their mean values. In all three cases, the former regression predicts a higher concentration of pollution than the latter at low incomes (if only very slightly) and a lower concentration of pollution than the latter at high incomes. This is to be expected. Recall that freedoms and incomes are positively correlated (the correlation coefficients between the linear freedom variables and income range between .72 and .84 for the three data sets). Low income countries tend to have fewer freedoms than the average and our regressions indicate that they should therefore have higher pollution levels. High income countries tend to have more freedoms than the average and so should have lower pollution levels.
For nickel, there is only one observation for low political freedoms (the Philippines in 1982) 9 and no observations for low civil freedoms. Hence, we can't include these dummy variables in our regression. Instead, we include the single observation for low political freedoms in the medium political freedoms dummy.
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Note, finally, that the circles in Figure 1b , 2b, and 3b show the mean residual for the fitted regressions including the freedom variables for each $2,000 income interval, with the size scaled to reflect the number of observations in each interval. A comparison with G-K reveals a very close corespondence. There is thus no indication that the G-K estimates are biased. Table 3 presents the summary statistics for 11 different measures of water pollution (but note that dissolved oxygen is a measure of water quality, not pollution). These confirm a general positive association between income and freedom. However, in contrast with the data for air pollutants, the relationship between water pollution levels and freedom is not always negative. Levels of biological and chemical oxygen demand, nitrates, total coliforms, and cadmium generally increase with the extent of freedom. Freedom data were available for all the countries and years for which G-K had water pollution data, and so we were able to replicate exactly the G-K results for these measures of water pollution. For this reason, we only report here the regression results with the freedoms variables included. These are shown in Tables 4 and 5 .
Results for Water Pollutants
The regressions show that freedoms do not significantly affect the oxygen regime of rivers, as measured by dissolved oxygen (DO), biological oxygen demand (BOD), or chemical oxygen
Nitrates may cause "blue baby syndrome" in newborns, but the condition is very rare. That freedoms do not affect these pollution levels suggests that the negative relationship between pollution and income at higher income levels may not reflect an induced policy response. This may seem surprising, but oxygen loss does not threaten human health directly and nor are nitrates especially dangerous.
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Fecal coliform is different. It is a direct health hazard. Fecal contaminated water carries infectious diseases like cholera and typhoid and is implicated in many cases of diarrheal disease, roundworm infection, and schistosomiasis. We should expect levels of this pollution to depend on freedoms, and this is confirmed by our regressions. An increase in freedom, however measured (civil or political, entered either in linear form or as dummies), reduces fecal contamination (denoted FEC in Tables 4 and 5 ). Figure 4a illustrates our results, and one can confirm that, as in the case of the various air pollution measures, the underlying relationship is nearly identical to the G-K result.
For the same income level, countries with higher freedoms have lower pollution readings, but increases in income do seem to be needed to bring these readings down to very low levels.
Our results for total coliform are also highly significant, but the signs on the freedom variables are Specifically, G-K find that total coliforms increase sharply with incomes at high income levels.
11 Note, however, that Shafik (1994) obtains a very similar relationship for measures of fecal coliform. Shafik also finds that dissolved oxygen decreases monitonically with income. These differences can probably be traced to the use of different data, but they are nonetheless worrying. Neither Shafik nor G-K comment on these different results.
11 the wrong way around (see also Figure 5a ). G-K also obtain unexpected results for total coliform--results which they describe as "baffling." But unlike fecal coliform, total coliforms are not 11 necessarily disease-producing. So at one level our results should not cause much concern. However, it is also possible that our results reflect a sample bias; the regressions for total coliform rely on a much smaller number of observations. To see whether sample bias may be a problem, we re-estimated the relationships for both measures of coliform for a consistent set of data. The results are given in Table 6 and illustrated in the Figures 4b and 5b . The fecal and total coliform regressions are now fairly consistent with each other. Moreover, both the combined freedom variables and the combined income variables are no longer significant in the fecal coliform regressions. We conclude from this exercise that, due to the much larger data set, the fecal coliform relationships estimated in Tables 4 and 5 are the more reliable.
We turn finally to the results for heavy metals. Freedoms are jointly significant only in the case of arsenic (denoted ARS in Tables 4 and 5 ). When freedoms are entered in linear form, an increase in democratic freedoms reduces arsenic concentrations. When entered as dummies, arsenic levels increase slightly and then decrease with democratic freedoms. These results are broadly consistent with the hypothesis of an induced policy response, but we note that these regressions rely on a small sample and may not be reliable. Interestingly, we find that the relationship between lead levels (LEAD) and income is not significant when freedoms are included as independent variables (the relationship between lead levels and income is significant in G-K's regression). However, the combined effect of income and freedom is very significant. This suggests that the generally negative relationship between incomes and lead levels detected by G-K may indeed result from an induced policy response. As for the other heavy metals, G-K found a statistically significant relationship between concentrations of cadmium (CAD) and income, but the relationships for nickel (NICKEL) and mercury (MERC) were not significant.
Fixed Effects
Because political and civil freedoms vary little within countries over time, we have tested our results for robustness by including separate country dummy variables. Essentially, our fixed effects regressions test whether our results might reflect omitted country characteristics like geography that just happen to be correlated with freedoms.
As shown in Table 7 , we find that our main results hold up surprisingly well. The relationship between freedom and pollution is still highly significant for SO , heavy particles, and fecal 2 coliforms. While the direction of the effect for heavy particles appears somewhat ambiguous in these regressions, if we include only a combined low civil and political freedoms dummy, the essence of our earlier results is still supported (the coefficient on the low freedoms dummy is 33.272 with a standard error of 12.680). Similarly, while the combined political and civil freedom variables are no longer significant at the 5% level in the smoke regression, the combined civil freedom variables on their own are significant.
We wish to stress that the fixed effects model provides an overly strong test of the effect of freedoms on pollution levels. A country is what it is partly because of the political and civil institutions it embraces. Countries with more repressive regimes may also subsidize energy consumption or concentrate industrial production, so that in our earlier regressions the effects of the subsidies and planning decisions may be reflected in the freedom variables. But of course it is partly because freedoms are low in these countries that such subsidies and central planning decisions can be sustained. For this reason, it is best to consider the random and fixed effects models as alternatives, each with its own advantages and disadvantages.
Implications
Effective environmental protection requires both economic reforms, as Arrow et al. (1995) and the World Bank (1992) have emphasized, and--as we have shown--political reforms. Which type of reform ought to come first? We cannot say, but our results do clash with a related literature which is less equivocal on this question. Barro (1996) argues that political freedoms in poor countries should not be promoted directly but that economic freedoms should be. One reason for this is that Barro finds that an increase in political freedoms has a small adverse effect on growth, for countries that have already attained a medium level of freedom. We find, however, that some measures of environmental quality are monotonically increasing in the extent of freedoms. If GDP per head were synonomous with welfare, then one might still agree with Barro that political freedoms ought not to be promoted (ignoring, of course, the direct contribution that freedom makes to well-being). But we know that GDP per head is an inadequate measure of welfare, not least because it excludes the benefits of environment improvements (Dasgupta and Mäler, 1995) .
To the extent that freedoms are instrumental in correcting for market failures, they may increase welfare, even if at the expense of growth.
Barro's recommendation that economic reforms should precede political reforms is also supported by his finding that political freedoms tend to erode over time if they get out of line with a country's standard of living. The implication is that freedoms cannot be controlled independently of incomes. But Barro's estimates only reveal that democratic freedoms tend to increase with incomes; they do not indicate that a country cannot increase freedom by more than the average for its income level, and one can point to a number of countries that have increased freedoms rapidly (Barro might say prematurely) without ever sliding back: in our sample alone, these include Argentina, Spain, Portugal, Greece, and Brazil, not to mention a number of the former Communist countries of Eastern Europe. As Dasgupta (1993: 116) has put it, "the claim that the circumstances that make for poverty are also those that make it necessary for governments to deny their citizens political and civil liberties is simply false." This means that our results do have real implications for policy. If the environmental Kuznets curve suggests that growth need not harm the environment, our results show that an expansion of freedoms may lead to an improvement in environmental quality.
The mystery in our results is why freedoms should affect some measures of environmental quality and not others. With the exception of heavy metals and total coliforms, which may suffer from small sample problems, freedoms significantly affect environmental quality measures that relate directly to human health: all three of our air pollution measures in addition to fecal contamination.
But they do not affect DO, BOD, COD, or nitrates. Our results for the oxygen-related measures of water quality are especially suprising, because sewage treatment intended to reduce fecal coliform would tend to increase DO and reduce BOD and COD in the bargain. The results seem to hint that something other than an induced policy response may lie behind the inverted-U relationships for these measures of water quality. The distinction is important, for if the relationship is determined by, say, fixed factors, it may not be stable; growth in the middle income countries may not be accompanied by reductions in pollution, as suggested by the inverted-U.
The latter explanation is at least plausible in the case of nitrates. To reduce nitrates in rivers would require reductions in the use of fertilisers, or more specifically in fertliser run-off, and changes in cropping techniques. The richer countries have done little to regulate these activities (occasionally, nitrates are removed from drinking water). Moreover, the release of both unused fertiliser and organic nitrogen into rivers varies with the type of crop that is planted as well as climatic conditions. So something other than an induced policy response may explain the inverted-U, at least in this case. Research which links the inverted-U to actual policies would seem to be badly needed.
